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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a steerable 
guiding catheter with an ultrasound imaging capability 
in combination with an electrophysiology catheter. More 
specifically, the present invention relates to a steerable 
guiding catheter with an ultrasound imaging capability 
for endocardial deployment of an electrophysiology 
catheter. 

BACKGROUND OF THE INVENTION 

[0002] Aberrant accessory pathways can cause many 
forms of cardiac arrhythmias. Radio frequency (RF) ab- 
lation (the destruction of heart tissue by means of an 
electrode catheter) has been found to be a safe and ef- 
ficacious means for treating arrhythmias caused by 
electrical accessory pathways between either atrium 
and ventricle or AV nodal re-entry circuits by interrupting 
accessory pathways. 

[0003] To perform ablation, a special electrophysiolo- 
gy catheter is guided through an artery or vein into the 
patient's heart to the site of the accessory pathway to 
be ablated. The catheter is designed to transfer RF en- 
ergy from an external source to the site of the accessory 
pathway in an amount sufficient to ablate the tissue. The 
ablated tissue is eventually replaced with scar tissue 
which interrupts the accessory pathway and the normal 
activity of the heart is thereby restored. 
[0004] In an RF ablation procedure, RF energy is de- 
livered to the ablation site and the endocardial tissue is 
sufficiently heated to form a lesion. Often, the sites of 
the accessory pathways tend to be relatively small and 
shallow. A typical ablation site is about 5-6 mm in diam- 
eter with a depth of about 3-5 mm. Standard electrode 
ablation catheters are capable of forming deep lesions 
in excess of that needed to form endocardial scar tissue. 
Extreme caution in their use is required, especially since 
there is always a risk of perforation of the myocardium 
during any such ablation procedure. Additionally, some 
accessory pathways are located deep within the myo- 
cardium near a cardiac artery or vein. Care must be tak- 
en when ablating these sites to prevent injury to the car- 
diac artery or vein or creation of a potential life threat- 
ening occlusion or perforation of an artery or vein. A 
catheter capable of visualizing an ablation site would be 
useful to locate and monitor the ablation site and thereby 
help minimize the risks involved. 
[0005] Moreover, the anatomical position of an elec- 
trophysiology catheter is conventionally verified using 
fluoroscopic visualization techniques. A catheter com- 
prising a visualization device would obviate or substan- 
tially minimize the necessity of fluoroscopic visualization 
as the anatomical position of such a catheter could be 
adequately realized during a procedure in relation to the 
surrounding cardiac chamber. 


[0006] Finally, the successful ablation of an aberrant 
accessory pathway typically cannot be effectively veri- 
fied and involves indirect verification using standard 
catheter mapping techniques. An electrophysiology 
5 catheter with visualization capabilities would be useful 
to enable an RF ablation to be completely visualized be- 
fore, during and after the ablation and allow the lesion 
generated to be properly characterized. 
[0007] Therefore, there is a need for a electrophysiol- 
10 ogy catheter with a visualization mechanism for visual- 
izing the electrophysiology catheter ablation site. There 
is also the need for a steerable guiding catheter. US Pat- 
ent 5,368,564 discloses such a steerable guiding cath- 
eter having pull wires for stearing the tip of the guiding 
15 catheter. The document WO-A-93 08738 discloses a 
steerable guiding catheter having an ultrasound imag- 
ing distal tip, wherein the catheter comprises a first lu- 
men for receiving a therapeutic device and a second lu- 
men for a deflection wire guidance system for manipu- 
lating the distal end of the catheter. The second lumen 
is offset from the central axis of the catheter. An electri- 
cal conductor is disposed in the catheter body for elec- 
trically connecting the ultrasound transducer to control 
circuitry external of the catheter. The document men- 
tions that an electrophysiology catheter could be passed 
through the first lumen. 

SUMMARY OF THE INVENTION 

[0008] The present invention is an electrophysiology 
guiding catheter with an ultrasound imaging capability 
in combination with an electrophysiology catheter as de- 
fined in claim 1 . The electrophysiology guiding catheter 
consists of a guiding catheter having a central lumen, a 
guiding catheter handle also having a central lumen, 
wherein the handle's distal end is connected to the guid- 
ing catheter's proximal end such that the lumens of the 
handle and catheter are coaxial and joined together. An 
electrophysiology catheter is guided within the guiding 
catheter and handle lumens. An ultrasound transducer 
is mounted on the guiding catheter's distal tip. An exit 
hole is defined toward the distal end of the guiding cath- 
eter to allow for the exit of the electrophysiology catheter 
tip. 

[0009] The electrophysiology catheter tip comprises 
an electrode at its distal end for mapping and/or ablating 
endocardial tissue. The electrophysiology catheter is 
preferably steerable by longitudinal movement of a con- 
trol handle relative to the body of the electrophysiology 
catheter. Conductive pathway signals can be received 
from the tip electrode and transmitted to a remote de- 
tector and display via a connector. RF energy can be 
transmitted to the tip electrode for ablating an aberrant 
conductive pathway. 

[001 0] Two puller wire guiding tubes are longitudinally 
embedded within the walls of the guiding catheter body 
and guiding catheter handle. Puller wires connected at 
the distal end of the guiding catheter body are guided 
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within the puller wire tubes and exit proximate the distal 
end of the handle. There the puller wires are connected 
to thumb slides wherein movement of one thumb slide 
in a proximal direction causes the guiding catheter distal 
end to deflect in a direction toward the thumb slide and 
sliding of the other thumb slide proximally on the handle 
causes the guiding catheter distal end to deflect in the 
opposite direction. 

[001 1] The ultrasound transducer emits and receives 
energy in the form of ultrasound signals. The transducer 
is connected by cables running through the guiding 
catheter walls to a conventional ultrasound machine that 
provides an electronic transmission to the transducer for 
energizing the transducer to emit signals, and also dis- 
plays the feedback received by the transducer on an ap- 
propriate display means. 

[0012] The ultrasound transducer allows the cardiol- 
ogist to properly image the area of the heart of interest. 
Specifically, the cardiologist, by viewing the images 
transmitted to a display, can learn about the depth of the 
myocardium of interest, other anatomical structures, 
and whether any cardiac arteries or veins are located 
nearby. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Figure 1A is a side view of an electrophysiology 
guiding catheter with ultrasound imaging capability 
with an electrophysiology catheter within the guid- 
ing catheter and two thumb slides for steering the 
guiding catheter; 

Figure 1 B is a side view of an electrophysiology 
guiding catheter with ultrasound imaging capability 
with an electrophysiology catheter within the guid- 
ing catheter and four thumb slides (only three of 
which are shown) for steering the guiding catheter; 
Figure 2 is a cross sectional view of a portion of the 
catheter tip and a distal portion of the second tran- 
sitional tip; 

Figure 3 is a longitudinal cross sectional view of the 
catheter tip depicting the electrophysiology catheter 
exit hole; 

Figure 4 is a cross sectional view of the guiding 
catheter body; 

FIG 5 is a longitudinal cross sectional view of the 
electrophysiology guiding catheter body tip; 
FIG 6A is a cross sectional view depicting the upper 
half of a portion of the electrophysiology guiding 
catheter body having a thumb slide; and, 
Figure 6B is a schematic top view of the portion of 
the electrophysiology guiding catheter body having 
a thumb slide. 

DETAILED DESCRIPTION 

[0014] The present invention is an electrophysiology 


guiding catheter with an ultrasound imaging capability 
in combination with an electrophysiology catheter as de- 
fined in claim 1 . Referring to Figure 1 , a guiding catheter 
1 0 constructed in accordance with the present invention 

5 is illustrated. It is suitable for use as a visualization 
mechanism for visualizing an endocardial ablation site 
and for simultaneously deploying an electrophysiology 
catheter for accessory pathway diagnosis and ablation. 
[0015] The guiding catheter 10 comprises three pri- 

10 mary components. The guiding catheter body 11 defines 
a central lumen 30 (shown and described with reference 
to Figure 2) within which is guided an electrophysiology 
catheter 15. An ultrasound transducer 18 is fixedly at- 
tached to the distal end of the catheter body 11. In turn, 

15 the guiding catheter body 11 is fixedly attached at its 
proximal end to a hub by conventional means. 
[0016] . An exit hole 14 is defined towards the distal 
end of the guiding catheter body 11 through which the 
electrophysiology catheter 15 exits the central lumen 

20 30. The electrophysiology catheter 1 5 comprises a tip 
electrode 1 6 at its distal end for mapping and/or ablating 
endocardial tissue and is mounted at its proximal end to 
a control handle 19. Preferably, the electrophysiology 
catheter 1 5 is steerable by longitudinal movement of the 

25 control handle 1 9 relative to the body of the electrophys- 
iology catheter 1 5. Aberrant conductive pathway signals 
can be received from the tip electrode 16 and transmit- 
ted to a remote detector and displayed via molded elec- 
tronic connector 20. RF energy can be transmitted to 

30 the tip electrode 16 via a remote RF source also con- 
nected to the molded connector 20. An exemplary ex- 
ample of an electrophysiology catheter suitable for use 
with the present invention is a steerable open lumen 
catheter as described in U.S. Patent No. 5,431,168 is- 

35 sued to Wilton W. Webster, Jr. on July 1 1 , 1 995 and man- 
ufactured by Cordis Webster, Inc., Baldwin Park Califor- 
nia. However, many other electrophysiology catheter 
could be used. 

[0017] The guiding catheter body 11 can be of any 
40 suitable length for intravascular insertion. In the de- 
scribed embodiment, a length of about 100 cm is used. 
Similarly, the exit hole 14 can be of any suitable size to 
allow an electrophysiology catheter to exit the guiding 
catheter body 11. In the described embodiment, a size 
45 of 1 ± 0.8 mm(0.04 ± 0.03 inches) is used and the dis- 
tance between the distal edge of the exit hole 14 and 
the distal end of the catheter tip 1 2 is approximately 2.5 
cm. 

[001 8] An ultrasound transducer 1 8 is fixedly attached 
50 to the distal end of the guiding catheter body 11. The 
transducer 18 emits and receives ultrasound in a single 
direction in the same manner as a transesophageal ul- 
trasound unit. In addition, other visualization devices 
can be employed, such as those used for endoscopy. 
55 The exact dimensions of the transducer 1 8 are not crit- 
ical and any transducer of suitable construction can be 
employed. Preferably, the transducer is cylindrical with 
a rounded tip approximately 1 to 2 cm in length and has 
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an outer diameter of about 4 to 4.2 mm (about 1 2 to 1 2.5 
French) so as to form a continuous outer surface with 
the guiding catheter body 11 . In the described embodi- 
ment, an ultrasound transducer with a 64 element crys- 
tal and having an outer diameter of 4 to 4.2 mm (12 to 5 
12.5 French) is employed. Exemplary examples of an 
intra-lumen ultrasound transducer suitable for use with 
the described invention are manufactured by Endoson- 
ics, or by Acuson, Inc., Mountain View California. 
[0019] The guiding catheter body 11 comprises four 
main sections as follows (from proximal to distal end): 
a main body 27; a first transitional portion 26, a second 
transitional portion 25 and the distal section or catheter 
tip 12. Each of these four sections can be of any suitable 
construction and dimensions. 

[0020] In the described embodiment, the four sections 
each comprise several layers (described further herein 
below) of which some are described in U.S. Patent No. 
5,045,072 to Castillo et al., and U.S. patent No. 
4,531 ,943 to Van Tassel et al. Each section has an outer 
jacket. The four sections cooperate to allow the guiding 
catheter 10 to be maneuvered through a patient's vas- 
cular system and deflected once situated within the 
heart. Consequently, each outer jacket has a different 
durometer (D) hardness as follows: the main body 27 is 
about 65 D; the first transitional portion 26 is about 55 
D; the second transitional portion 25 is about 40 D; and 
the catheter tip 12 is 80 AE. Preferably, with the excep- 
tion of the catheter tip 12, the outer jacket is constructed 
of nylon (RTM) having the aforementioned hardness. 
The catheter tip 12 can be made from a polyether poly- 
urethane formulation as described in U.S. Patent No. 
5,045,072 to Castillo et al. 

[0021 ] Referring to Figure 2, a cross-sectional view of 
the catheter tip 12 and a distal portion of the second 
transitional section 25 are shown. For simplicity, the exit 
hole 14 has been omitted. A central lumen 30 is defined 
longitudinally through the guiding catheter body 11. An 
inner liner 32 runs the length of the guiding catheter 
body 11 ending slightly proximal to the end of the cath- 
eter tip 12 to define a distal catheter tip joint section 29. 
In the described embodiment, the width of the distal 
catheter tip joint section 29 is approximately 1 ± 0.8 mm 
(0.04 ± 0.03 inches) and the inner liner 32 is preferably 
constructed of polytetrafluoroethylene (PTFE), also 
known as Teflon (RTM). 

[0022] A braided wire sleeve 34 also runs the length 
of the guiding catheter body 11 but only up through the 
second transitional section 25, ending slightly proximal 
to the end of the second transitional section 25 to form 
a proximal . catheter tip joint section 28. In the described 
embodiment, the width of the proximal catheter tip joint 
section 28 is approximately 1 ± 0.8 mm (0.04 ± 0.03 
inches) and the braided wire sleeve 34 is preferably con- 
structed of stainless steel. 

[0023] Referring to Figure 3, a cross sectional view of 
the catheter tip 12 showing the exit hole 14 is shown. A 
deflector 40 is located beginning at the distal edge of 


the exit hole 1 4 and continuing towards the opposite wall 
of the catheter tip 1 2 in the proximal direction to thereby 
form an inclined surface 41 . The deflector 40 causes the 
electrophysiology catheter 15 to deflect and exit the 
catheter tip 12 when traveling distally relative to the 
guiding catheter body 11 . 

[0024] The deflector 40 can be of any suitable con- 
struction and in the described embodiment has approx- 
imately the same outer diameter as the central lumen 
30. Also, the deflector 40 is preferably constructed of a 
smooth plastic material such as PTFE or polyurethane. 
The inclined surface 41 can be at an angle suitable for 
deflecting the electrophysiology catheter 1 5. In the de- 
scribed embodiment, the angle for deflection is from 
about 10 degrees to about 60 degrees. 
[0025] A cross sectional view of the guiding catheter 
body 11 taken along line 4-4 of Figure 1 is shown in Fig- 
ure 4. With the exceptions as indicated herein, the con- 
struction of each of the four sections comprising the 
guiding catheter body 11 is substantially similar and in- 
volves the following layers. The innermost layer is an 
inner liner 32, preferably constructed of PTFE, and de- 
fining a central lumen 30 running longitudinally its entire 
length. 

[0026] In the described embodiment, the central lu- 
men 30 has an inner diameter of about 2.8 mm (0.110 
inches). Preferably, the inner liner 32 defines two longi- 
tudinal grooves 36 on its outer surface at opposite sides 
from each other. A pair of small puller wire tubes 33 are 
situated in the grooves 36 to maintain their orientation. 
Preferably, the puller wire tubes 33 are constructed of 
polyamide with an inner diameter of approximately 0.3 
mm (0.012 inches). Puller wires 21 run axially within the 
pullerwire tubes 33. The puller wires 21 have a diameter 
of about 0.25 mm (0.01 inches). The puller wires 21 are 
constructed of stainless steel cable 50 with a PTFE 
sleeve 51 covering them to provide lubricity within the 
polyamide tubes 33. 

[0027] A layer 35 of eight braided ribbon cables 53 
runs longitudinally along either side of the puller wire 
tubes 33 and is arranged to surround the inner liner 32. 
In the described embodiment, the 64 element crystal for 
the ultrasound transducer 18 requires 64 lead wires. 
Thus, the braided ribbon cable layer 35 preferably com- 
prises eight ribbon cables bundled together and each 
having eight individual microcoax wires 52 of about 0.2 
mm (8 mils) thickness. The braided wire sleeve 34 runs 
longitudinally over the pullerwire tubes 33 and the braid- 
ed ribbon cables layer 35. Preferably, the braided wire 
sleeve is constructed of stainless steel. Finally, the 
above-described outer jacket 127, preferably construct- 
ed of nylon (RTM), surrounds the braided wire sleeve 
layer 34. 

[0028] Referring to FIG 5, a longitudinal cross section- 
al view of the catheter tip 12is shown. The transducer 
18 is fixably attached to the distal end of the catheter tip 
1 2 by conventional means. A circular marker band 1 7 is 
also fixedly attached about the catheter tip 1 2 at a slight 
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distance proximal to the catheter tip. In the preferred 
embodiment, the marker band is embedded between 
the inner liner 32 and the cable layer 35. The marker 
band 17 is for assisting a practitioner in locating the ori- 
entation of the catheter tip within a patient's body. In the 5 
described embodiment, the marker band 17 is about 1 
cm from the end of the transducer 1 8. The marker band 
17 can be of any suitable construction, however, in the 
described embodiment, platinum or a platinum-iridium 
alloy is used. In a preferred embodiment, the marker 
band also serves as a location for mounting the puller 
wire ends as described below. In an alternate embodi- 
ment, the marker band 117 may be fixedly attached to 
the outer surface of the catheter tip as shown in Figure 
1A. 

[0029] The catheter tip 12 is steerable using the pair 
of puller wires 21 . To aid in steering, each of the puller 
wires is connected to a thumb slide 70 which is slidably 
mounted on the outer surface of the handle, preferably 
proximate to its distal end (FIGS. 1 A, 6A, 6B). The pair 
of thumb slides are positioned opposite each other on 
the handle 73. Preferably, the slides are positioned with- 
in recessions 74 on the handle outer surface. 
[0030] Sliding of the thumb slides in the proximal di- 
rection relative to the catheter pulls on the puller wire to 
which it is connected and causes the catheter tip 12 to 
deflect in a horizontal direction. The deflection is such 
that the catheter tip 12 becomes concave on the side of 
the puller wire that was moved proximally. Reverse de- 
flection of the catheter tip occurs by sliding the opposite 
thumb slide proximally relative to the guiding catheter. 
Deflection of the catheter tip 12 is required to align the 
ultrasound vector beam for accurately visualizing the 
ablation site. Consequently, bidirectional movement in 
a left-right horizontal plane is achieved using the thumb 
slides 70 which are connected to puller wires 21. In the 
described embodiment, the catheter tip 12 is capable of 
1 to 4 movement degrees of freedom. As it would be- 
come obvious to one skilled in the art, the embodiment 
comprising a single puller wire only requires a single 
thumb slide. 

[0031] In FIGS. 6A and 6B, the puller wires 21 are 
preferably connected to the thumb slides via a set screw 
92. The set screw 92 is threaded inside the thumb slide 
70 through an opening 94 on the thumb slide bottom. 
Each puller wire 21 exits its tube 33 and is routed 
through a central orifice on the set screw so that a por- 
tion 97 of the wire 21 protrudes beyond the set screw. 
The set screw is then threaded onto the thumb slide until 
it jams the wire portion 97 extending beyond the set 
screw against the thumb slide, thereby forming a con- 
nection between the puller wire and the thumb slide. 
[0032] Each thumb slide slides within a slit 91 formed 
on each recession 74 on the handle. Pairs of depres- 
sions 93 are formed on the recession 74 on either side 
of the slit. A pair of protrusions 95 extending from a bot- 
tom surface of the thumb slide engage a pair of the de- 
pressions and lock the slide in position. Extra force must 


be applied against the thumb slide to disengage it from 
the depressions. The depressions are strategically lo- 
cated to lock the thumb slide in a distal, proximal or in- 
termediate position. 

[0033] Additionally, in a further embodiment (not 
shown), two additional puller wires and two additional 
puller wire polyamide tubes are located 90° relative to 
the left-right puller wires 21 to enable movement of the 
catheter tip 12 in an up-down (vertical) plane. The addi- 
tional puller wires are connected to two additional thumb 
slides which are located at 90° relative to the other two 
thumb slides (fig. 1B). 

[0034] The central lumen 30 is capable of accepting 
an electrode electrophysiology catheter 15 fed in from 
the distal end of the hub. In the described embodiment, 
an electrophysiology catheter with a 2.6 mm (eight 
French) outer diameter is preferred. 
[0035] Construction of the guiding catheter body 1 1 is 
as follows: First, the inner liner 32 is placed on a man- 
drel. The pair of longitudinal grooves 36 are formed 180° 
apart along the length of the inner liner 32. The pair of 
puller wire tubes 33 are placed within the longitudinal 
grooves 36. The braided ribbon cables 53 are pulled and 
placed in position over the inner liner 32. The braided 
ribbon cables layer 35 is completed by the addition of a 
flexible filler material 54, preferably a plastic such as 
polyurethane or similar material. The braided wire 
sleeve 34 is pulled over the assembly and the appropri- 
ate outer jacket 127 is pulled over the braided wire 
sleeve 34 to complete construction. The entire assem- 
bly is removed from the mandrel and, using a vertical 
fusing device, the outer jacket 127 is heat shrunk into 
place. 

[0036] In use, a cardiologist would advance the guid- 
ing catheter 10 with the electrophysiology catheter 15 
inside the assembly from a remote site such as the fem- 
oral artery or vein into the heart. The cardiologist would 
have the ultrasound transducer connected to a conven- 
tional ultrasound machine that provides the needed 
electronic transmission to the transducer and displays 
the feedback from the transducer on an appropriate dis- 
play means. The cardiologist would constantly monitor 
the position of the guiding catheter as it advances into 
the heart. 

[0037] Once the guiding catheter is in a heart cham- 
ber of interest, either an atrium or a ventricle, the cardi- 
ologist would then advance the electrophysiology cath- 
eter distally relative to the guiding catheter such that the 
electrophysiology catheter exits out the exit hole and 
moves distally past the transducer. The cardiologist 
would use the steering means of the electrophysiology 
catheter to steer the catheter tip 1 2 appropriately. As ap- 
parent from the drawings, the electrophysiology cathe- 
ter exits from the guiding catheter at an angle away from 
the guiding catheter that is the same angle as the de- 
flector. The cardiologist would steer the electrophysiol- 
ogy catheter back towards the guiding catheter as the 
electrophysiology catheter is advanced distally. Addi- 
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electrophysiology catheter (15); 

a flexible tip (12) attached to the distal end of 

the tubing body (11); 

second and third lumens extending lengthwise 
5 through the tubing body (1 1 ) and both being off- 

set from the central axis of the tubing body (11); 
first and second puller wires (21 ) extending 
through and slidably disposed in said second 
and third lumens, respectively, each said puller 
10 wire (21 ) being fixedly attached to a distal end 

of the flexible tip (12) at a position on opposite 
sides of the central axis of the tubing body (11); 
and 

control means (70) attached to the proximal 
15 ends of the puller wires (21) for moving the pull- 

er wires (21 ) longitudinally relative to the cath- 
eter body (11 ) to thereby deflect the flexible tip 
(12) of the guiding catheter (10); 

20 the electrophysiology catheter (1 5) being sli- 

dably disposed within said lumen (30) and being 
elongated and flexible; 

wherein the guiding catheter (10) has an ul- 
trasound imaging distal tip comprising an ultrasonic 

25 transducer (18) mounted on the flexible tip (12) of 
the tubing body (11) to transmit ultrasound energy 
and receive resultant echoes so as to provide visu- 
alization of an ablation site, and 

an electrical conductor is disposed in the tub- 

30 ing body (11) for electrically connecting the ultra- 
sound transducer to control circuitry external of the 
steerable guiding catheter; and 

wherein the electrophysiology catheter (1 5) is 
also steerable. 

35 

2. The combination of a steerable guiding catheter 
(10) and an electrophysiology catheter (15) as de- 
fined in claim 1, wherein the tubing body (11) in- 
cludes: 

40 

a fourth lumen extending lengthwise through 
the tubing body (11) and being offset from the 
central axis of the tubing body (11); and 
the electrical conductor extends through the 
45 fourth lumen and is connected to the ultrasonic 

transducer (18). 

3. The combination of a steerable guiding catheter 

(10) and an electrophysiology catheter (15) as de- 
50 fined in claim 1, wherein the tubing body (11) in- 
cludes eight braided ribbon cables (53) that run lon- 
gitudinally along the tubing body (11) and each be- 
ing offset from the central axis of the tubing body 

(11) . 

55 


tionally, the cardiologist would use the puller wires in the 
guiding catheter to steer the guiding catheter in a direc- 
tion towards the electrophysiology catheter. Eventually, 
the cardiologist would have the electrophysiology cath- 
eter in line with the transducer of the guiding catheter 
such that the ultrasound display means displays the lo- 
cation of the electrophysiology catheter within the heart 
chamber of interest. 

[0038] The cardiologist would than electrically map 
areas of the endocardium to precisely locate the acces- 
sory pathways with the electrophysiology catheter. 
Once an accessory pathway has been identified and 
properly mapped, the cardiologist would use the ultra- 
sound transducer of the guiding catheter to properly im- 
age the area of the heart. The cardiologist can then learn 
about the depth of the myocardium at interest, other an- 
atomical structures, and whether any cardiac arteries or 
veins are located nearby. Once proper ultrasound imag- 
ing has been performed, the cardiologist would then 
place the distal tip electrode of the electrophysiology 
catheter at the ablation site. RF energy would then be 
delivered to the distal tip electrode of the electrophysi- 
ology catheter for an appropriate amount of time. The 
ablation of the heart tissue would also be constantly 
monitored by the cardiologist using the ultrasound trans- 
ducer, the area of tissue death being observable. This 
way the cardiologist can apply enough RF energy to ab- 
late the accessory pathway, but still limit the amount of 
RF energy to prevent over-ablation which can cause 
cardiac perforation or thrombosis of a vessel near by. 
[0039] Thus, the present invention provides a partic- 
ularly useful safety feature in that a cardiologist using 
the ultrasound imaging of the guiding catheter while per- 
forming ablation with the electrophysiology catheter 
would prevent making lesions that are too deep, would 
prevent surface epicardial vessel thrombosis due to 
heating a cardiac artery or vein, would prevent cardiac 
perforation from ablating the entire thickness of the 
heart wall, and would verify that an ablation is occurring 
or has taken place. 

[0040] Although this invention has been described in 
certain specific embodiments, many additional modifi- 
cations and variations will be apparent to those skilled 
in the art. It is, therefore, understood that within the 
scope of the appended claims, this invention may be 
practiced otherwise then specifically described. 


Claims 

1. A steerable guiding catheter (10) in combination 
with an electrophysiology catheter (15), 
the guiding catheter (10) comprising: 

an elongated tubing body (11) having a proxi- 
mal end and a distal end and defining a lumen 
(30) extending for substantially the entire 
length of the tubing body (11) for receiving an 


4. The combination of a steerable guiding catheter 
(10) and an electrophysiology catheter (15) as de- 
fined in claim 3, wherein each braided ribbon cable 
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(53) has eight individual microcoax wires (52). 

5. The combination of a steerable guiding catheter 
(10) and an electrophysiology catheter (15) as de- 
fined in any one of the preceding claims, wherein 
the tubing body (11) comprises a main body (27), a 
first transitional portion (26) being of a lower durom- 
eterthan the main body (27) extending distally from 
the main body (27), a second transitional portion 
(25) being of a lower durometer than the first tran- 
sitional portion (26) and extending distally from the 
first transitional portion (26), and the flexible tip (12) 
being of a lower durometer than the second transi- 
tional portion (25) and extending distally from said 
second transitional portion (25). 

6. The combination of a steerable guiding catheter 
(10) and an electrophysiology catheter (15) as de- 
fined in any one of the preceding claims, wherein 
the puller wires (21 ) are each connected to its own 
thumb slide (70) which is slidably mounted on the 
outer surface of a handle of the steerable guiding 
catheter (10) for steering the guiding catheter (10). 

7. The combination of a steerable guiding catheter 
(10) and an electrophysiology catheter (15) as de- 
fined in any one of the preceding claims, wherein 
the electrophysiology catheter (15) is steerable by 
longitudinal movement of a control handle (19) rel- 
ative to the body of the electrophysiology catheter 
(15). 


Patentanspmche 

1 . Steuerbarer Fuhrungskatheter (1 0) in Kombination 
mit einem Elektrophysiologiekatheter (15), 

wobei der Fuhrungskatheter (10) umfasst: 

einen verlangerten Rohrenkorper (11) mit ei- 
nem proximalen Ende und einem distalen En- 
de, der einen Hohlraum (30) definiert, der sich 
im wesentlichen uber die gesamte Lange des 
RbhrenkoYpers (11) erstreckt, zum Aufnehmen 
eines Elektrophysiologiekatheters (15); 

eine flexible Spitze (12), die am distalen Ende 
des Rohrenk&rpers (11) befestigt ist; 

wobei sich zweite und dritte Hohlraume 
in Langsrichtung durch den RGhrenkbrper (11) er- 
strecken und beide von der Zentralachse des Roh- 
renkorpers (11) versetzt sind; 

wobei sich ein erster und zweiter Zug- 
draht (21 ) durch den zweiten bzw. dritten Hohlraum 
erstrecken und verschiebbar darin angeordnet 
sind, wobei jeder Zugdraht (21) fest mit einem di- 
stalen Ende der flexiblen Spitze (12) an einer Posi- 


tion auf gegenuberliegenden Seiten der Zen- 
tralachse des Rohrenkorpers (11) befestigt ist; und 
Kontrollmittel (70), die mit den proxima- 
len Enden der Zugdrahte (21) befestigt sind zum 
5 Bewegen der Zugdrahte (21) in Langsrichtung re- 
lativ zum Katheterkorper (11), urn dadurch die fle- 
xible Spitze (12) des Fuhrungskatheters (10) abzu- 
lenken; 

wobei der Elektrophysiologiekatheter (15) in- 
10 nerhalb des Hohlraums (30) verschiebbar angeord- 
net ist und langlich und flexibel ist; 

wobei der Fuhrungskatheter (10) eine distale 
Ultraschall-Abbildungsspitze umfasst, die einen Ul- 
traschallwandler (1 8) umfasst, der auf der flexiblen 
15 Spitze (12) des Rohrenkorpers (11 ) angebracht ist, 
urn Ultraschallenergie zu iibertragen und sich erge- 
bende Echos aufeunehmen, urn eine Visualisierung 
einer Ablationsstelle zu liefem, und 

ein elektrischer Leiter innerhalb des Rohren- 
20 korpers (11) angeordnet ist zum elektrischen Ver- 
binden des Ultraschallwandlers mit einer Kontroll- 
schaltvorrichtung aulierhalb des steuerbaren Fuh- 
rungskatheters; und 

wobei der Elektrophysiologiekatheter (15) 
25 auch steuerbar ist. 

2. Kombination aus einem steuerbaren Fuhrungska- 
theter (12) und einem Elektrophysiologiekatheter 
(1 5) wie in Anspruch 1 definiert, wobei der rohren- 

30 formige Korper (11 ) umfasst: 

einen vierten Hohlraum, der sich in Langsrich- 
tung durch den Rohrenkorper (11) erstreckt 
und von der Zentralachse des Rohrenkorpers 
35 (11) versetzt ist; und 

der elektrische Leiter sich durch den vierten 
Hohlraum erstreckt und mit dem Ultraschall- 
wandler (18) verbunden ist. 

40 

3. Kombination aus einem steuerbaren Fuhrungska- 
theter (10) und einem Elektrophysiologiekatheter 
(15) wie in Anspruch 1 definiert, wobei der Rohren- 
korper (11) acht geflochtene Bandkabel (53) um- 

45 fasst, die in Langsrichtung entlang dem Rohrenkor- 
per (11) verlaufen und eine jedes von der Zen- 
tralachse des Rohrenkdrpers (11) versetzt ist. 

4. Kombination aus einem steuerbaren Fuhrungska- 
50 theter (10) und einem Elektrophysiologiekatheter 

(15) wie in Anspruch 3 definiert, wobei ein jedes ge- 
flochtene Bandkabel (53) acht einzelne Mikrokoaxi- 
aldrShte (52) umfasst. ■ 

55 5. Kombination aus einem steuerbaren Fuhrungska- 
theter (10) und einem Elektrophysiologiekatheter 
(15) wie in einem der vorangehenden Anspruche 
definiert, wobei der Rohrenkdrper (11) einen Haupt- 
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korper (27), einen ersten Qbergangsabschnitt (26) 
mit einer geringeren Eindruckharte als der Haupt- 
korper (27), der sich distal von dem Hauptkorper 
(27) erstreckt, einen zweiten Qbergangsabschnitt 
(25) mit einer geringeren Eindruckharte als der er- 
ste Qbergangsabschnitt (26) umfasst, der sich di- 
stal von dem ersten Qbergangsabschnitt (26) er- 
streckt, und die flexible Spitze (12) eine geringere 
Eindruckharte als der zweite Qbergangsabschnitt 
(25) aufweist und sich distal von dem zweiten Qber- 
gangsabschnitt (25) erstreckt. 

6. Kombination aus einem steuerbaren Fuhrungska- 
theter (10) und einem Elektrophysiologiekatheter 
(15) wie in einem der vorangehenden Anspruche 
deflniert, wobei die Zugdrahte (21) jeweils mit ihrer 
eigenen Daumenschiebevorrichtung (70) verbun- 
den sind, die auf der aufieren Oberflache eines 
Griffs des steuerbaren Fuhrungskatheters (10) an- 
gebracht ist, zum Steuern des Fuhrungskatheters 
(10). 

7. Kombination aus einem steuerbaren Fuhrungska- 
theter (10) und einem Elektrophysiologiekatheter 
(15) wie in einem der vorangehenden Anspruche 
definiert, wobei der Elektrophysiologiekatheter (1 5) 
durch Bewegung eines Kontrollgriffs in Langsrich- 
tung (19) relativ zum Korper des Elektrophysiolo- 
giekatheters (15) steuerbar ist. 


Revendications 

1. Catheter de guidage orientable (10) en combinai- 
son avec un catheter d'electrophysiologie (15), 

le catheter de guidage (1 0) comprenant : 

un corps de tube allonge (11) ayant une ex- 
tremite proximale et une extremite distale, 
et definissant un jour (30) qui s'etend es- 
sentiellement sur toute la longueur du 
corps de tube (11 ) et qui report un catheter 
d'electrophysiologie (15) ; 
une pointe flexible (12) fixee a I'extremite 
distale du corps de tube (11 ) ; 
un deuxieme et un troisieme jours s'eten- 
dant dans le sens de la longueur a travers 
le corps de tube (11) et tous deux decales 
par rapport a I'axe central du corps de tube 
(11); 

un premier et un second cables de traction 
(21) traversant et coulissant dans lesdits 
deuxieme et troisieme jours, respective- 
ment, chaque cable de traction (21) etant 
attache fixement a une extremite distale de 
la pointe flexible (12) en une position sur 
les cotes opposes de I'axe central du corps 


de tube(11);et 

un moyen de commande (70) fixe aux ex- 
tremites proximales des cables de traction 
(21 ) a fin de deplacer les cables de traction 
5 (21) longitudinalement par rapport au 

corps de catheter (11) et a devier ainsi la 
pointe flexible (12) du catheter de guidage 
(10); 

10 - le catheter d'electrophysiologie (1 5) etant place 
de maniere coulissante dans ledit jour (30) et 
etant allonge et flexible ; 

dans lequel le catheter de guidage (10) comprend 
15 une pointe distale d'imagerie par ultrasons compre- 
nant un transducteur ultrasonique (18) monte sur la 
pointe flexible du corps de tube (11) afin d'emettre 
une energie ultrasonique et de recevoir les echos 
resultants de maniere a fournir une visualisation 
20 d'un site d'ablation ; et un conducteur electrique est 
dispose dans le corps de tube (11) afin de connecter 
electriquement le transducteur ultrasonique au cir- 
cuit de commande a Pexterieur du catheter de gui- 
dage orientable ; et 
25 dans lequel le catheter d'electrophysiologie (1 5) est 
egalement orientable. 

2. Combinaison d'un catheter de guidage (1 0) et d'un 
catheter d'electrophysiologie (15), telle que definie 

30 dans la revendication 1, dans laquelle le corps de 
tube (11) comprend : 

un quatrieme jour s'etendant dans le sens de 
la longueur a travers le corps de tube (11) et 
35 decaie par rapport a I'axe central du corps de 

tube (11) ; et dans lequel 
le conducteur electrique s'etend a travers le 
quatrieme jour et est connecte au transducteur 
ultrasonique (18). 

40 

3. Combinaison d'un catheter de guidage (1 0) et d'un 
catheter d'electrophysiologie (15), telle que definie 
dans la revendication 1, dans laquelle le corps de 
tube (11 ) comprend huit cables rubans tresses (53) 

45 qui courent longitudinalement le long du corps de 
tube (11) et qui sont chacun decales par rapport a 
I'axe central du corps de tube (11). 

4. Combinaison d'un catheter de guidage (1 0) et d'un 
50 catheter d'electrophysiologie (1 5), telle que d6finie 

dans la revendication 3, dans laquelle chaque cable 
ruban tresse (53) comprend huit cables micro- 
coaxiaux individuels (52). 

55 5. Combinaison d'un catheter de guidage (1 0) et d'un 
catheter d'electrophysiologie (15), telle que definie 
dans Tune quelconque des revendications prece- 
dentes, dans laquelle le corps de tube (11) com- 
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prend un corps principal (27), une premiere partie 
de transition (26) ayant une durete inferieure a celle 
du corps principal (27) et s'etendant distalement de- 
puis le corps principal (27), une seconde partie de 
transition (25) ayant une durete inferieure a celle de 5 
la premiere partie de transition (26) et s'etendant 
distalement depuis la premiere partie de transition 
(26), et une pointe flexible (12) ayant une durete in- 
ferieure a celle de la seconde partie de transition 
(25) et s'etendant distalement depuis la seconde 10 
partie de transition (25). 

Combinaison d'un catheter de guidage (1 0) et d'un 
catheter d'electrophysiologie (15), telle que definie 
dans I'une quelconque des revendications prece- *5 
dentes, dans laquelle les cables de traction (21) 
sont chacun connectes a leur propre coulisseau de 
pouce (70) qui est monte coulissant sur la surface 
exteme d'une poignee du catheter de guidage 
orientable (10) afin d'orienter le catheter de guidage 20 
(10). 

Combinaison d'un catheter de guidage (10) et d'un 
catheter d'electrophysiologie (15), telle que definie 
dans I'une quelconque des revendications prece- 25 
dentes, dans laquelle le catheter d'electrophysiolo- 
gie (15) peut etre oriente par un mouvement longi- 
tudinal d'une poignee de commande (19) par rap- 
port au corps du catheter d'electrophysiologie (15). 
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FIG. 2 
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